INTRODUCTION
Intact abdominal aortic aneurysm (AAA) repair aims to prevent death from rupture. Over the past years, the prevalence of intact AAA repair has increased in many countries. 1e3 This is due to the broad use of endovascular repair (EVAR), enabling treatment of new and elderly patient cohorts previously deemed unfit for open surgery. 4e6 Additionally, the detection rate of small AAAs is increasing, attributable to the introduction of local and national screening programs, as well as the increased use of computed tomography and other types of imaging in medical practice. 7, 8 The practice of AAA repair in Europe is guided by the AAA management guidelines of the European Society for Vascular Surgery (ESVS). 9 As the surgical risk of the repair must be balanced against the risk of aneurysm rupture, the ESVS guidelines recommend a threshold diameter of 5.5 cm for intact AAA repair, and suggest that a lowered threshold of 5.2 cm can be considered for women because of the increased rupture risk in this patient group. With noted increasing surgical activity and screening programs for AAA detection and management, the monitoring of surgical outcome measures is increasingly important. Furthermore, a recent international registry collaboration has demonstrated significant variations between countries in the selection of patients undergoing intact AAA repair, with a high proportion of patients undergoing treatment for an AAA <5.5 cm in countries with a fee for service healthcare system. 10 Whether this practice can be justified depends heavily on the peri-operative risks associated with this elective prophylactic procedure.
The Vascunet collaboration is an international network of vascular surgical registries from 11 countries with focus on quality improvement and international benchmarking of vascular surgical activity and outcomes. This large scale registry collaboration allows assessment of real world and up to date surgical practice in different geographical regions. 11, 12 An evaluation of AAA repair published in 2008 indicated an excess mortality in the United Kingdom compared with other countries. 13 This finding resulted in the initiation of an intense quality improvement program and reorganisation of vascular surgical services. 11, 14 The current report addresses this and is a continuation of the above mentioned work from the Vascunet collaboration. The objective is to describe trends in contemporary AAA practice in an international context, and to assess the change in peri-operative mortality after repair.
METHODS

The Vascunet collaboration
Vascunet is an international collaboration of registries, consisting of national (Australia, Denmark, Hungary, Iceland, New Zealand, Norway, Sweden, Switzerland, UK), regional (Finland), and multicentre (Germany) databases. The estimated coverage of the participating registries was >90% for aortic procedures performed in Denmark, Hungary, Iceland, New Zealand, Sweden, UK, and the Helsinki region in Finland, 80% in Norway, and 62% in Australia. The Swiss database includes patients operated for AAA in public hospitals, and the German data are based on approximately 130 centres participating in the German vascular registry. The current analysis is a continuation of the previous Vascunet report, in which nine countries had amalgamated their data for AAA repair over the 2005e2009 period. 11 As well as updating outcomes of AAA repairs performed from 2010e2013, data were now included for repairs performed in Iceland and New Zealand (2010e2013) and Germany (2005e2013). Data were no longer available from Italy and were therefore excluded.
Study design and participants
Data on primary AAA repairs were collected from vascular registries for the period 2005e2013 from 11 countries. Reoperations were excluded. The data were analysed overall, per country, per treatment (EVAR vs. open surgery), for high and low volume centres, and also between the two time periods (2005e2009 and 2010e2013). When comparing time periods, data from Iceland and New Zealand were excluded, as data were not available from both periods.
Outcomes and variables
The primary outcome was peri-operative mortality, defined as either in hospital death (registries from Australia, Germany, Hungary, New Zealand, Norway, Switzerland, and United Kingdom) or death within 30 days of surgery (registries from Denmark, Finland, Iceland, and Sweden). The covariates included for analysis were age, gender, and AAA diameter (in centimeters). An aneurysm less than 5.5 cm was, by convention, considered a small aneurysm. Although the Vascunet registries include data on risk factors such as smoking, cardiac, pulmonary, and renal disease, these were not included in the present analysis because of differences in the definitions of comorbidity variables. The proportions of missing data for the 83,253 intact AAAs were as follows: age, 2129 (2.6%); gender, 22,578 (27.1%; primarily from the German database, which did not register data regarding gender for 91.6% of their patients); operative technique, 1319 (1.6%); and AAA diameter, 22,211 (26.7%). It should also be noted that AAA diameter was not available for approximately 50% of the patients from 2005e2009 and were therefore excluded from the comparative analysis. For the 2010e2013 period, the proportions of missing data for the 48 878 AAAs were as follows: age, 2111 (4.3%); gender, 10,522 (21.5%); and diameter, 5786 (11.8%) patients.
Data regarding peri-operative mortality after intact AAA repair in the patients treated from 2005e2009 were reported in the previous Vascunet report. 11 The current analyses of peri-operative mortality in patient subgroups and per country, as well as predictors of peri-operative death, were performed in the cohort of patients treated from 2010e2013.
In the UK national vascular surgery database report, the focus of peri-operative outcomes was based on the assessment of elective repair. 15 The mode of admission, elective or acute, was always registered, but the indication for repair, intact or rupture, was missing in 4236 patients. Therefore, outcomes for both elective and intact repair were assessed in the UK cohort.
Statistical analysis
Continuous data are presented with mean values and 95% confidence intervals (CIs), and compared with t tests. Rates are presented as percentages with 95% CIs. Missing data were handled by exclusion. Comparison of rates over time was performed using the chi-square test. Logistic regression models were performed to estimate the odds ratios for perioperative mortality for the studied covariates. When calculating the effect of treatment country on peri-operative mortality, each country was compared with the sum of all other countries in a multivariate regression analysis. The models were tested for goodness of fit and ability to predict outcome (HosmereLemeshow statistic, C-statistic, and Nagelkerkes R 2 ). A p value < .05 was regarded as significant.
High and low volume centres were determined by placing the participating centres into descending order based on the number of procedures performed per year. Four quartiles were formed; the resulting top and bottom groups were designated as either high or low volume centres.
All data analysis was carried out using R Statistical Software Package (R Foundation for Statistical Computing, Vienna, Austria) and SPSS for Mac, Version 23.0 (SPSS Inc., IBM Corp., Armonk, NY, USA).
RESULTS
Included in the analysis were 34,375 patients from 2005e 2009 and 48,878 patients from 2010e2013. Characteristics for intact AAA treatment for each country are given in Table 1 .
Time trends in patient selection, operative technique, and outcome
The overall proportion of octogenarians and patients treated by EVAR increased from 2005e2009 to 2010e2013, whereas the proportion of female patients decreased ( Table 2 ). The rate of AAAs less than 5.5 cm was 25.8% (95% CI 25.4e26.3) for the 2010e2013 period.
Time trends in peri-operative mortality are given in Fig. 1 . Overall, peri-operative mortality decreased between the two periods. Peri-operative mortality after EVAR decreased, while the number of EVAR procedures increased. The perioperative mortality increased for open surgical repair (Fig. 1 
Peri-operative mortality in specific countries and patient subgroups
A detailed analysis of female patients, octogenarians and patients with small AAA is presented in Fig. 2 . Mortality was significantly higher in female than males after both open repair and EVAR, although the mean AAA diameter was less in women (mean AAA diameter in female patients 6.0 cm vs. male patients 6.3 cm, p < .0001). Although mortality was slightly lower in patients with small AAAs than those with AAA 5.5 cm, the risk of peri-operative death in the in octogenarians undergoing open surgery. In a multivariate logistic regression analysis, patient age, AAA diameter, and female gender were all significant predictors of perioperative mortality in this cohort (Table 4 ). These risk factors were greater among patients treated by EVAR than those treated by open surgical repair.
The peri-operative mortality for each participating country from 2010e2013 are given in Fig. 3AeC . There were no peri-operative deaths for the 76 patients from Iceland and they are therefore not included in the figure. Peri-operative mortality after intact AAA repair was significantly lower than the overall mean in Australia, Norway, and Sweden (Fig. 3A) . Although there was no significant difference in EVAR mortality between countries (Fig. 3B ), open repair mortality was lower than the overall mean in Norway and Sweden, and higher than the overall mean in the UK (Fig. 3C ). In the UK, the peri-operative mortality after elective AAA repair as opposed to intact repair, was 3.5% (3.1e4.0%) after open repair and 0.8% (0.6e0.9%) after EVAR. This was similar to mortality rates after intact repair in other registries. Results from the multivariate logistic analysis, comparing outcome between countries after correction for age, AAA diameter, and patient gender are given in Table 5 . The risk adjusted odds ratio for perioperative mortality after intact AAA repair was <1 in Australia and Norway, and >1 in Hungary and the United Kingdom. The HosmereLemeshow statistic indicated moderate to adequate goodness of fit, and the R 2 indicated a low predictability for the regression model assessing outcome based on country of repair.
DISCUSSION
In this international cohort study, the total peri-operative mortality following treatment for intact AAAs decreased over time. Mortality following treatment by EVAR fell and at the same time, the number of EVAR procedures increased. Mortality after open repair tended to increase, however, and varied significantly between countries. The increase in mortality after open repair is of concern, considering the increased focus on improved auditing and quality of surgical care. 16, 17 The highest level of evidence for medical and surgical treatment is through randomised controlled trials and meta-analyses. Guidelines are often based on these results. Registry based reports are powerful tools for assessing current practices and outcomes in the real world setting, reflecting whether treatments follow current evidence and recommendations. 18 International registry based assessments of surgical care are scarce and moreover, often affected by variations in the definitions of metrics, validity, and case selection. The current report on intact AAA repair focuses on the "hard" outcome of peri-operative mortality and is based on a 10 year experience of international benchmarking of vascular surgical outcome data within the Vascunet collaboration. 11e13 The participating registries in this collaboration have established routines for internal and external validation of data. 19e21 All registries have national, regional, or centre based coverage, which reduces the risk of selective case reporting. With the implementation of AAA screening in several countries, and the increasing prevalence of intact AAA repair, an international assessment of AAA management practices becomes even more important. 22, 23 The overall decrease in peri-operative mortality after intact AAA repair is encouraging. This improvement occurred despite an increase in patient age. The reasons appear twofold: mortality following EVAR has fallen, and more patients are now offered EVAR, notably true for both women and octogenarians. The improvement in mortality after EVAR could be an effect of increased volumes and surgical proficiency. The impact of improved new generation devices may also play a role. The negative development in outcomes following open AAA repair is more surprising and may result from multiple reasons. A higher rate of anatomically demanding cases which are selected for open repair in the endovascular era may contribute to this development. 24 It is known, for example, that aneurysms with a hostile infrarenal neck have a higher risk of adverse outcome also after open repair. 25, 26 The dramatic reduction in the percentage of open repair cases is another important factor. The volumeeoutcome relationship in complex vascular surgical procedures is well established. 27 The decreasing number of open repairs per centre may have resulted in reduced technical competence. With expanding EVAR activity, a further need for centralisation of open aortic repair may be indicated in several countries. This is also congruent with the ESVS guidelines, recommending AAA repair only in hospitals performing at least 50 elective cases per annum, whether by open repair or EVAR. 9 The falling peri-operative mortality risk may impact decision making of when to treat, and can be interpreted by some as a motivator for a lowered diameter threshold for intact AAA repair. The recent analysis on international variations in AAA treatment by Beck et al. has indeed shown a tendency to treat small AAAs with EVAR, particularly in countries with fee for service reimbursement. 10 On the other hand, four randomised controlled trials have refuted the clinical benefit of surgical repair of small aneurysms. 28e31 Karthikesalingam et al. 32 have challenged these trials by revealing a significantly reduced rate of rupture in the United States, where more than 40% of AAA repairs were performed on aneurysms with a diameter less than 5.5 cm.
Conclusions from the data presented here suggest that the peri-operative mortality risk for surgical treatment of AAAs <5.5 cm exceeds the risk of rupture in some cohorts. The risk of rupture of aneurysms <5.5 cm was <1% per year in the randomised trials referred to above, similar to the mortality risk of EVAR in patients with AAA <5.5 cm. With increasing numbers of relatively young patients with screening detected small AAAs, it is important to assess whether EVAR is considered in these patients solely based on the merits of a low peri-operative risk. Although EVAR can be performed at a low risk, it is associated with a significant cost and, moreover, may not result in any survival benefit. Durability after EVAR is also inferior compared with open repair; a yearly rupture risk of 1% was reported from the EVAR 1 trial. 33 Risk of open repair was higher, particularly in the elderly and in female patients, questioning the benefit of early repair in these patients. Finally, even with acceptable peri-operative outcomes, the expected 4 year survival of 40e50% in the elderly cohort should be included in considerations of when to treat. 34 The current analysis underscores the limited evidence regarding best management of AAA among women. Overall, Note that perioperative mortality was either in hospital mortality for Australia, Germany, Hungary, New Zealand, Norway, Switzerland, and the United Kingdom, or 30 day mortality for Denmark, Finland, Iceland, and Sweden. * Significantly lower peri-operative mortality than the overall mean. x Significantly higher peri-operative mortality than the overall mean. almost a third (27.7%) of women were treated for an aneurysm less than 5.5 cm. Although there are indications of increased risk of rupture for women, the mortality associated with repair is also increased, both short and long term. 35, 36 Therefore, the recommendation to perform repair at a lower size threshold in female patients could, in fact, be unwarranted.
International variations in peri-operative mortality for intact AAA repair are noted both in the crude and the risk adjusted analysis of peri-operative outcome in this cohort, mainly because of variations in the outcome of open surgery. The mortality after open repair was higher in the UK than in other countries, although the difference is less dramatic after the quality improvement efforts undertaken. On the other hand, intact AAA repair in the UK was almost exclusively performed for large aneurysms, and the mean AAA diameter at time of intact repair was highest in the UK among the countries studied, resulting in a possible net benefit in avoiding ruptures. It should also be reiterated that the data reported are based on the status of the aorta at the time of surgery, namely ruptured or intact. This is important, as it resulted in the exclusion of 17.2% of the patients in the UK registry. This also explains the marked difference between those results reported here and those from the United Kingdom's National Vascular Registry Progress Report, in which results were reported based on the mode of admission, that is, acute or elective. 15 This underscores the need for improved international definitions of variables and outcomes.
Limitations
This study is based on prospectively registered data, vulnerable to both systematic and random missing data. The potential confounding produced by this is mitigated by the otherwise large data set, and by the limitation of analysis on "hard-core" variables such as age, AAA diameter, gender, and mortality. Missing data were treated by exclusion, which limits some of the applicability and interpretation of the analysis. The missing data on patient gender from Germany, for example, limits the contribution of their data to the multivariate analysis given in Table 4 . Although the definition of peri-operative mortality was based on in hospital death in some registries and 30 day mortality in others, previous analyses have shown that these outcome measures are reliably comparable. 11 Continuous efforts are made within the Vascunet collaboration to increase the harmonisation of the registered variables in vascular registries.
The method of measurement of AAA size is not provided and could vary, depending on imaging modality. 37 There is also no specification regarding the actual indication for treatment, that is, whether the aneurysm was symptomatic or mycotic, or whether a large iliac aneurysm was also present. It is, however, reasonable to assume that the proportion of variant indications should be fairly constant between the different geographical regions, as well as over time.
CONCLUSION
In this large international cohort of patients, peri-operative mortality following intact AAA repair has continued to fall, mainly due to increased use of EVAR, associated with improved short-term outcomes. 
